INTRODUCTION
Seed vigor is a vital aspect of seed quality that affects plant germination, growth and development. Using high quality seeds can lead to increasing plant yield, especially under environmental stress such as drought and salinity. The quality of seeds is estimated by various parameters, mostly by seed germination, seed vigor, and purity (Xie et al., 2014) .
Plant growth regulators (PGRs), as organic compounds, are induced in small concentrations in crops. Despite the low concentration of plant hormones, these components play a vital role in growth, development and yield of plants (Cothren and Oosterhuis, 2010) . Presoaking of seeds with the best phytohormones concentration leads to a high rate of generation and growth, especially, during adverse environmental conditions. This process is probably facilitated by the accumulation of nutrients through a raise in the physiological activities and root proliferation. Some investigations suggest that priming with indole acetic acid (IAA), gibberellic acid (GA 3 ) and ascorbic acid increases early growth, seedling establishment, germination rate, plant growth, and grain quantity and quality (Anosheh et al., 2011) .
Polyethylene glycol (PEG) is a polyether compound with high molecular weight that can be utilized to induce high osmotic pressures (Aguilar-Benítez et al., 2014) . Seeds pretreatment experiments under PEG show that the polyether can affect moisture availability in the germination medium. Analysis of the modification under such a condition shows that the germination in the presence of PEG is similar to that in soil under stress situation (Gharoobi et al., 2012) . Proline, a proteinogenic amino acid, displays a compatible solute in plants osmotic regulation by acting as an enzyme protectant. Furthermore, proline stabilizes cellular and membrane structures under adverse conditions, detoxifies free radicals by forming long-lived adducts with them, and affects solubility of different proteins by interacting with their hydrophobic residues (Szabados and Savoure, 2010) . Although accumulation of proline in plants under stress conditions has a protective function; nonetheless, the correlation between plants under abiotic stress and proline is not always obvious. Also, proline accumulation in rice (Oryza sativa L.) under drought stress has been approved. However, rice as a model plant displays a significant role in human dietary needs in all over the world, but undesirable conditions consisting of abiotic and biotic stresses can limit its production (Wang et al., 2010) . According to Pittelkow et al. (2014) , rice yield can be reduced up to 60% during growth under moderate stress conditions. However in the recent years, researchers aimed to breed the drought-tolerant rice cultivars through classic genetic and modern biotechnological approaches (Nam et al., 2014) . To this end, the present study was conducted to investigate the effect of various seed priming agents on different Malaysian rice factors, in germination and early growth stages. Additionally, the effects of PEG treatment as a chemical drought inducer on the morphoand physiological traits, and proline level of Malaysian rice have been identified.
MATERIALS AND METHODS

Plant material
Seeds of six indica rice (Oryza sativa L.) varieties MR219, MR219-4, MR219-9, MR220, MR159, and MR211 were obtained from the Malaysian Agricultural Research Development Institute (MARDI), Serdang, Selangor, Malaysia. The selected mature rice seeds of each variety were dehulled manually. All seeds were then surface sterilized through immersion in 70% ethyl alcohol for 30 s. Subsequently, the ethanol was discarded and seeds were washed once with distilled water, then 40% sodium hypochlorite was added and seeds were stirred along with this solution for 20 min. Finally, the sterilized seeds were rinsed five times with sterile double-distilled water.
Hydro-and hormonal-priming
Twenty seeds of each rice variety were soaked for 1 h in petri dishes with two layers of Whatman filter papers moistened with 10 mL distilled water. Afterwards, all seeds were permitted to grow at room temperature in different hydro-priming time interval (control, 6, 12, 18, 24, 30, 40 and 50 h) . Different concentrations of kinetin, indole-3-acetic acid (IAA), abscisic acid (ABA), naphthaleneacetic acid (NAA), salicylic acid, ascorbic acid, and GA 3 (Table 1) were used in different periods of time to evaluate the effect of PGRs on presoaking of rice seeds (Table 2) (Wahyuni et al., 2003) .
The presoaking times were also used according to the best periods of time achieved by the initial hydro-priming experiments for each genotype, separately. The first records of germination were taken on the second day of culturing, while the last were counted on the ninth day. The germination percentage (G%) and time to 50% germination (T50) was calculated according to the modified formula by (Farooq et al., 2006a) :
where N is the final number of germinated seeds and n i and n j are cumulative number of seeds germinated by adjacent counts at times t i and t j when n i < N/2 < n j .
Mean germination time (MGT) was calculated according to the modified equation of Roberts and Ellis (1989) : MGT = ΣD n /Σn where n is the number of seeds germinated on day D, and D is the number of days counted from the beginning of germination.
The germination vigor index (GVI) was calculated based on the equation created by Clune and Copeland (1999) and Sikder et al. (2009) . Seeds were assumed as germinated when radicle length appeared to be about 2 mm. GVI = A1/T1+ A2/T2+...+An/Tn Where A is the number of germinated seeds; T is time (d) corresponding to A, and n is final days.
PEG priming
Twenty seeds of each rice variety were placed in petri dishes on two layers of Whatman filter papers nr 1. To make solutions with the osmotic potentials (Ψs) consisting of the control (no PEG), -0.4, -0.8 and -1.2 MPa treatments, polyethylene glycol (PEG 6000) was dissolved in distilled water based on Michel and Kaufmann formula (Michel and Kaufmann, 1973) : Ψs = - (1.18 × 10 -2 )C - (1.18 × 10 -4 )C + (2.67 × 10 -4 ) )C2T where C is the concentration of PEG-6000 in g kg -1 H 2 O and T is the temperature in °C.
The osmotic potential of PEG solution (-0.4, -0.8 and -1.2 MPa) were prepared by using 161, 241 and 302 g PEG L -1 . The petri dishes were put in a germinator at 25 ± 2 °C and irrigated with distilled water. The filter papers of each petridish were replaced every 2 d to inhibit salt accumulation (Dennis et al., 2000) . The seeds were considered as germinated when radicle length became about 2 mm. The first records of germination were taken on the second day of the experiment and continued every 24 h. The recording process was finished when numbers of germinated seeds were found to be unchanged for 2 d. This almost happened on the 9 th day of the experiment for all rice varieties. Germination rate (GR) was calculated based on the equation created by Ellis and Roberts (1980a; 1980b) : GR = Σ n/t where n is germinated seed number at time t, t is days of experiment.
Average germination time (AGT) was calculated according to the modified equation of Roberts and Ellis (1989): where t is average incubation time, ni is number of germinated seeds per day, ti is time of incubation (d).
Average speed of germination: v = 1/t, where t is average time of germination.
The germination percentage (G%) = , ng is number of germinated seeds and nt is total number of seeds.
Seedling vigor index (SVI) was counted according to the modified formula of Abdul-Baki and Anderson (1973) : SVI = [seedling length (cm) × germination percentage] The relative frequency of germination (Fr) was calculated according to (Labouriau and Pacheo, 1978): where ni is number of germinated seeds per day, Σni is total number of germinated seeds.
Mean root and shoot lengths at the end of germination period were measured per replicate. After drying each replicate over night at 70 °C in the oven, seedling dry weights were recorded with an electronic balance to get the stable weight (Afzal et al., 2005) . For statistical analysis, germinating percentage data were converted to arcsin √x/100.
Proline content determination
Proline content was determined using ninhydrin acid reagent according to Bates et al. (1973) . Plant samples (0.5 g) were homogenized with 5 mL sulfosalicylic acid (3%, w/v) in a cold mortar and pestle. The homogenate was centrifuged at 10 000 g for 15 min, and 2 mL supernatant was mixed with 2 mL glacial acetic acid and 2 mL acid ninhydrin (acid-ninhydrin was prepared by warming 1.25 g ninhydrin in 30 mL glacial acetic acid and 20 mL 6 M phosphoric acid, with agitation, until dissolved). Kept cool (stored at 4 °C), the reagent remains stable for 24 h. After agitation, the reaction mixture was incubated at 100 °C for 30 min till the a red brick color were developed. After cooling, 4 mL toluene was added to each tube and vortexed for 30 s. The chromophore containing toluene was separated, and the absorbance was read at 520 nm in spectrophotometer against toluene blank. The concentration of proline was quantified using the standard curve of L-proline.
Statistical analyses
The analysis of the main effects of the stress was based on the ANOVA and comparisons of means were conducted using Duncan's Multiple Range Test at p ≤ 0.01 by SAS software, version 9.4 (SAS Institute, Cary, North Carolina, USA). The results were expressed in terms of mean ± standard error (SE) with three replicates.
RESULTS AND DISCUSSION
ANOVA of hydro-priming effects
The ANOVA revealed that the response of varieties to hydro-priming treatment was significant (p ≤ 0.01) in terms of total germination, MGT, GP, and GVI (Table 3 ). The ANOVA also showed a significant difference among the studied varieties in terms of T50 in 5% probability level (Table 3) . Accordingly, the interaction of variety and time for all traits were found to be significant in 1% level (Table  3) . Nonsignificant difference was observed among the replicates. Such an observation has been considered as a sign of accuracy of the experiment (Talei et al., 2012) .
Mean comparison results
The highest G% were obtained in 18 (100%), 6 (100%), 18 (90.3%), 12 (91.6%), 18 (86.6%), and 18 h (78.3%) for the genotypes MR219, MR219-4, MR219-9, MR220, MR159 and MR211, respectively. By increasing the hydro-priming times with water, the fluctuation trend were observed for all the treats. On the other hand, mean comparison results showed that the highest MGT belonged to control (1.25 d) and the lowest belonged 18 h (0.45) for MR219. For MR214-4, the highest MGT belonged to 50 h (1.008) and the lowest belonged to 6 h (0.45). MR219-9 showed the highest MGT at 12 h (0.9) and the lowest amount at 24 h (0.52). For MR220, the highest and lowest amounts were belonged to control (0.73) and 12 h (0.491), respectively. The highest and lowest MGT for MR159 were belonged to 50 (0.93) and 18 h (0.51), respectively. MR211 demonstrated the highest and lowest amounts at the 50 (1.13) and 18 h, respectively. Analysis of GVI demonstrated a fluctuating trend in different times. In this respect, the highest GVI was obtained when seeds were hydro primed for 18, 6, 24, and 40 h, 12 and 24 h, 18 and 24 h, and 18 and 24 h for MR219, MR219-4, MR219-9, MR220, MR159 and MR211, respectively. The highest GVI was achieved by the MR219 seeds which were primed for 18 and 24 h in water. Consequently, the mentioned primed times created a separate cluster in the mean comparison table (Table 4) . The lowest range of GVI was gained by seeds of MR219 when they had been treated with water for 50 h. The results of hydro-priming for 30 and 40 h, as well as the control were the same and the GVI in 6 and 12 h were totally different and created dependent groups separately (Table 4) . On the other hand, this study confirmed that regardless of different levels of hydro-priming, all of the investigated traits behave differently depending on the cultivars. In line with this, the results of other studies proves that different factors such as the chemical composition of seed, seed cotyledons and endosperm can affect the seed permeability (Aguilar-Benítez et al., 2014) . Aguilar-Benítez et al. (2014) reported that large sized seeds with large size have a higher germination percentage and need less time to germinate. The advantages of large seeds can be associated with the embryo size and their capacity to provide more energy. Generally, under normal, and stress conditions such as salinity, matric stress and low temperature, the vigor of primed seeds increases (Pant and Bose, 2016) . However, the results of some investigations comply with the positive effect of priming on the acceleration of germination, and improving the germination-related traits which finally leads to increasing the plant growth. On the other hand, grain quality and quantity, early growth, and final germination percentage have been improved in the primed seeds of various plants (Wahid et al., 2008; Hamidi and Pirasteh-Anosheh, 2013 ).
Hormonal priming
ANOVA and Duncan's multiple comparison test of the PGRpriming showed that the effects of variety, PGRs, different concentrations of PGRs and the interactions between them are significant (p ≤ 0.01) on total germination, T50, MGT, G%, and GVI (Table 5 ). The mean comparison of hormonal priming treatments revealed that there are significant differences (p ≤ 0.01) among the six rice varieties in terms of both G% and GVI (Table 6) .
These results confirmed that the MR219 performed as the best variety in the T11 and T21 treatments, whereas, the lowest amount of G% was found in T8, T13, T18, T25 and T6. On the other hand, T25 showed the lowest GVI for MR219. According to the results, MR219-4 obtained the highest G% and GVI in T26 and T19 whereas, T1 led to the weakest germination in this variety. The situation of MR219-9 was different, where the highest and lowest G% and GVI were achieved under T7 and T1, respectively. Similar to other varieties, T1 produced the lowest rates of G% and GVI in MR220, while T27 resulted in the highest rate of G% and GVI. Unlike the other varieties, MR159 obtained the highest G% and GVI under T13 and T27. Remarkably, for MR159 two different treatments led to the lowest rate of G% and GVI, in which T4 and T1 caused the lowest G% and GVI, respectively.
Seed priming is an effective tool for obtaining vigor and emergence of seedlings under both suboptimal and optimal condition (Farooq et al., 2006a) .
Rice hormonal priming with ethylene and GA 3 demonstrated an increase in number of internodes, and embryonic tissues elongation, whereas ABA priming (Tamaki et al., 2015) . Priming of sunflower with the priming agents lead to the improvement of shoot length, root length as well as shoot and root dry weight (Wahid et al., 2008) . In the similar investigation which had been conducted to estimate the different priming efficiency of MR219, the highest amounts of tiller number, number of productive tillers and productive tillers per hill belonged to salicylic acid at 150 mg L -1 and methyl jasmonate at 200 mg L -1 , respectively. In the mentioned study, salicylic acid at 150 mg L -1 was introduced to be used as hormonal priming for higher productivity of MR219 rice in Malaysia (Kareem et al., 2013) . In contrast to the above results, Wahyuni et al. (2013) reported that different responses of MR219 and MR84 rice varieties to various priming treatments depended on several factors such as sowing time, interaction between plant growth regulator and variety, as well as priming stages. In another study, cowpea seed treated with 5 mg L -1 G 3 A 3 and IAA displayed a significant increase in seedling growth and germination percentage cowpea. Nonetheless, by increasing concentrations of these PGRs, the mentioned traits decreased dramatically (Audi and Muhktar, 2009 ). Rice seeds do not live forever; and seed germination of seeds depends on both external and internal factors. Despite the dispersal of billions of rice seeds are dispersed annually, seed germination is intensely decreasing intensely due to diseases and dormancy.
PEG priming
A significant (P < 0.01) effect of PEG treatments on different varieties were observed on the total germination, GR, AGT, average speed, G%, SVI, relative frequency, plumule fresh weight, plumule dry weight, radical fresh weight, radical dry weight, plumule length, radical length, leaves proline, root proline, and root proline/shoot proline of all seeds with similar responses from six rice types (Table  7 ). In the current step of investigation, all the mentioned traits were reduced by increasing the PEG level (Table  8 ). The plumule fresh and dry weight, radical fresh and dry weigh, plumule and root length are of those critical parameters which severely decrease under abiotic stress. For this reason, investigation of these parameters are the most important subjects of studying plants in initial growth steps under stress (Jamil et al., 2006) . Reduction in the above characteristics as a result of abiotic stress has been reported in a number of plant species such as wheat, rice and maize (Nam et al., 2014; Pittelkow et al., 2014; Pant and Bose, 2016) . Althought the MR219-4, MR219-9 and MR219 seeds germinated in the higher PEG levels, the MR220 (-1.2 MPa), MR159 and MR211 (-0.8 and -1.2 MPa) seeds could not germinate at all (Table 8) . Reportedly, the reduction in germination by increasing the PEG level was possibly due to high seed nutrient imbalance, toxic ions, and reduced soluble osmotic potential (Khodarahmpour et al., 2014) . In contrast to all the above parameters, average G%  GVI  G%  GVI  G%  GVI  G%  G%  GVI  G%  GVI  GVI   MR219 MR219-4 MR219-9 MR220 MR159 MR211 germination time was increased by increasing the PEG level in all varieties. Increment in the mean germination with the increasing of osmotic potential by NaCl and PEG were documented in rice, maize and safflower previously (Farooq et al., 2006b; Khodarahmpour et al., 2014) . The PEG content affected the proline accumulation in different rice varieties significantly. By increasing the PEG concentration, leaf and root proline contents of all varieties were increased (Figure 1 ). The highest leaf and root proline contents were observed in the highest level of PEG for each variety, whereas the lowest proline contents were found in the control treatments for all varieties. Remarkably, the proline content of roots were less than leaf proline in the six rice varieties. Additionally, MR219, MR219-4 and MR219-9 showed the germination and proline reaction in all PEG treatments, while MR220 did not display growth in -1.2 MPa PEG. Meanwhile, MR159 and MR211 showed less resistance in response to higher levels of PEG. On the other hand, in -1.2 MPa PEG, the highest proline accumulations belonged to MR219-4, MR219-9 and MR219 (Figure 1) . In parallel to the above results, other researchers have also approved the impact of PEG in the accumulation of proline in rice leaves and roots (Lum et al., 2014) .
On the basis of correlation analysis, total germination showed a significant positive correlation with GR, G%, GVI, plumule fresh weight, and radical length. The negative and nonsignificant correlations were found between total germination and Fr, leaves and shoot proline content (Table  9) . Furthermore, there were positive correlations between germination rate and some traits including G%, GVI, plumule fresh weight as well as radical length were positive correlations ( Table 9 ). The results of correlation analysis Table 7 . ANOVA of polyethylene glycol (PEG) effects on germination and growth parameters of six rice varieties. * , ** Significant at the 0.05 and 0.01 probability levels, respectively. Ns: Nonsignificant. RFW: Radical fresh weight, RDW: radical dry weight, PL: plumule length, RL: radical length, LP: leaf proline, RP: root proline, RP/SP: ratio of root to shoot proline. 0.02c 0.01d 0.05a 0.03b 0.01c 0.01c 0.10a 0.8b 0.05c 0.02d 0.02a 0.01b 0.01c 0.09a 0.05b 0.04a 0.03b PDW 0.005a 0.002b 0.001c 0.0007d 0.089a 0.006b 0.005c 0.005d 0.0125a 0.0120b 0.010c 0.008d 0.008a 0.005b 0.002c 0.004a 0.002b 0.002a 0.001b RFW 0.02a 0.01b 0.01b 0.008c 0.017a 0.014b 0.012c 0.01d 0.06a 0.05b 0.04c 0.03d 0.005a 0.003b 0.002c 0.01a 0.012b 0.003a 0.002b RDW 0.001a 0.0008b 0.0007c 0.0003d 0.006a 0.005b 0.004c 0.003d 0.001c 0.0009d 0.007a 0.005b 0.001a 0.0003b 0.0002c 0.002a 0.001b 0.0009a 0.0003b PL (cm) 
between average germination time and relative frequency, leaves proline, shoot proline and ratio of leaves/root proline were figured out as significant and positive. The significant and positive correlations were found between G% and GVI, plumule fresh weight as well as plumule and radical length. GVI and plumule fresh weight had a significant and positive Different letters indicate significant difference among accessions using Duncan's multiple range tests at p ≤ 0.01. correlation. In contrast, GVI and Fr had nonsignificant and negative correlation. Interestingly, radical and plumule length parameters had a strong significant and positive correlation. In continuation of the analysis, the higher positive correlation of leaves and root proline parameters were observed between the mentioned traits and GR time, as well as relative frequency. Nonetheless, the highest significant correlation of the proline group was between leaves and root proline content (Table 9) . Linear regression analysis demonstrated a significant negative relationship between PEG levels and total germination, GR, GVI, plumule fresh weight, radical fresh weight, plumule length, and radical length (Table 9 ). On the other hand, linear regression showed a positive and significant relationship between PEG levels and proline content of leaves and roots in this experiment (Table  10 ). The regression analysis results of the present study are in agreement with other investigations under similar undesirable conditions (Ashkan and Jalal, 2013) .
In this study, cluster analysis was used to determine the similarities of six rice varieties based on all measured traits produced by hydro-priming, hormonal priming, and PEG priming. The cut-off line of the cluster revealed three different groups. Cluster 1 holds three varieties (MR219-4 nr 2, MR219-9 nr 5, and MR219 nr 3), cluster 2 contained two varieties (MR211 nr 1 and MR159 nr 6) and and finally cluster 3 comprised one variety (MR220 nr 4) as shown in Figure 2 .
CONCLUSION
The current study suggests that hydropriming for 18 and 12 h can be successfully applied to obtain higher seed germination and seedling vigor in indica rice varieties. Accordingly, it is concluded that seed hydropriming is an effective approach to increase seed germination of indica rice. In contrast, hormonal priming showed a fluctuating trend in different varieties in terms of seed germination. In addition, the outcomes of the present research means that polyethylene glycol (PEG) priming of the six indica rice seeds might be an effective technique to simulate germination-based feedback of rice seeds (seed vigor and establishment) in drylands. 
